The structure of Leu-Enkephalin and Met-Enkephalin have frequently been studied, in particular by Nuclear Magnetic Resonance spectroscopy. After more than 20 years of research, it was concluded that Enkephalins have no preferred structure in aqueous solution, but that they may have in other solvents. We have performed Molecular Dynamics simulations of zwitterionic Leu-Enkephalin in water, and zwitterionic as well as neutral Leu-Enkephalin in dimethyl sulfoxide (DMSO). In water the peptide is very exible although there seems to be a preference for compact conformations. In DMSO, the peptide forms a clear salt bridge in the zwitterionic form, but has no preferred conformation in the neutral form. This di erence in conformation may provide an explanation for measurements in DMSO in which multiple conformations were found to exist. In this paper we introduce a new formulation for a dihedral angle autocorrelation function, and apply it to study side chain dynamics in Leu-Enkephalin. We nd that the side chain dynamics of the large Tyr and Phe residues can not be adequately sampled in 2.0 ns simulations, while this does seem to be possible for the smaller Leu side chain.
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Introduction
The study of the conformation of Enkephalin in solution is an interesting case for those interested in the history of biophysical chemistry; it contains many contradictions and erroneous measurements, and, as of yet, the picture is still unclear. It also nicely demonstrates the advance of experimental techniques, aimed at resolving the structure of such peptides, over time.
In 1975 it was rst reported that small molecules in the brain named Enkephalins, with opioid activity, which had been known for some time, were in fact pentapeptides (Hughes et al., 1975) . It was found using mass-spectrometry that two di erent peptides were present with sequence Tyr-Gly-Gly-Phe-Leu/Met] in a ratio of 3 or 4 Met to 1 Leu (Hughes et al., 1975) . Since this discovery, scientists have tried to determine the conformation of these peptides in di erent solvents such as water and DMSO, using spectroscopic techniques, predominantly NMR, but also circular dichroism (CD) and fourier transforminfrared (FT-IR) spectroscopy (Khaled et al., 1977; Garbay-Jaureguiberry et al., 1977; Stimson et al., 1979; Higashijima et al., 1979; Gupta et al., 1986; Gerothanassis et al., 1987; Motta et al., 1988; Surewicz & Mantsch, 1988; Glasser & Scheraga, 1988; Sakarellos et al., 1989; Vesterman et al., 1989; Picone et al., 1990; Moret et al., 1990; Gerothanassis et al., 1992; Graham et al., 1992; Doi et al., 1994 found that some of the physical properties of Met-Enkephalin (MEnk) and Leu-Enkephalin (L-Enk), such as proton and carbon chemical shifts and circular dichroism, were concentration dependent in DMSO (Khaled et al., 1977) . Based on this result, the authors proposed a -sheet dimer structure with four hydrogen bonds and two salt bridges. This proposal was rejected in 1979 by Stimson et al., who were unable to reproduce the concentration dependence of the chemical shifts (Stimson et al., 1979) ; the e ect reported by Khaled et al. was blamed on impurities in the sample. Instead Stimson et al. proposed a -bend type structure for L-Enk in DMSO, with a hydrogen bond from Leu5-NH to Gly2-CO. In that same year Higashijima et al. concluded that M-Enk is in an equilibrium between folded and unfolded conformations in DMSO, while they could not nd evidence for a folded conformation in water (Higashijima et al., 1979) . 1D NOE measurements of M-Enk in D 2 O were described in 1986 by Gupta et al., from which the authors concluded that the aromatic rings of Tyr and Phe are close in space (Gupta et al., 1986) . However, one year later this was shown to be an artifact by Motta et al. ). Vesterman et al. (1989 used ROESY experiments and Monte Carlo calculations to study L-Enk in DMSO. They concluded that two separate folded conformations exist simultaneously in this solvent (Vesterman et al., 1989) .
Using 17 O-NMR, Sakarellos et al. determined that neither the Gly2 nor the Gly3 carbonyl oxygen can be hydrogen bonded in aqueous solution or in a mixed acetonitrile/DMSO (4:1) solution (Sakarellos et al., 1989 reported the same nding in acetone solution (Moret et al., 1990) . From these observations it can be concluded that there can not be a 2 5 -turn in L-Enk in these solvents. Sakarellos et al. also determined that L-Enk is uncharged in their mixed CH 3 CN/DMSO solution (Sakarellos et al., 1989) , while a mixture of zwitterionic (40%) and neutral peptides (60%) were found in a later study (1992) which again utilized 17 O-NMR as well as FT-IR spectroscopy (Gerothanassis et al., 1992) ; it may be clear that the ionic state of a small peptide in organic solvents can have a profound impact on its conformation. It should be noted that in 1980 this same nding had already been reported by Han et al. on the basis of Raman-, IR-and NMR-spectroscopy (Han et al., 1980) .
Interactions between the aromatic groups of L-Enk and M-Enk appear to be important at lipid interfaces. A hydrogen-bonded turn was found in the presence of ditetradecylphosphatidylcholine bilayers (Surewicz & Mantsch, 1988) as well as in the presence of SDS micelles (Graham et al., 1992) . Structure re nement based on the latter experiments suggested that this conformation may be stabilized by an interaction between the aromatic groups (Graham et al., 1992) .
A large number of theoretical studies on L-Enk and M-Enk have been reported (Isogai et al., 1977; Paine & Scheraga, 1985; Paine & Scheraga, 1986; Paine & Scheraga, 1987; Li & Scheraga, 1987; Nayeem et al., 1991; Smith & Pettitt, 1991a; Smith & Pettitt, 1991b; Karoslaw & Scheraga, 1992; Perez et al., 1992; Meirovitch et al., 1994; Zhorov & Ananthanarayanan, 1994 (Li & Scheraga, 1987) . The MCM procedure was also tested on M-Enk in water; in this case the minimized conformations of ve MCM runs were all di erent. Perez et al. describe molecular dynamics (MD) simulations of zwitterionic M-Enk in vacuo, using a simulated annealing strategy aimed at nding low-energy conformations (Perez et al., 1992) . Although the history of Enkephalin research makes it clear that the environment of a peptide is of crucial importance for its conformation, to our knowledge no detailed theoretical study aimed at environmental e ects has been reported to date. Such theoretical studies have been reported for other peptides in the presence of TFE (de Loof et al., 1992; Brooks III & Nilsson, 1993; Bodkin & Goodfellow, 1996) or in DMSO (Mierke & Kessler, 1991; Mierke & Kessler, 1993) .
In the present work, we have set out to study the properties of L-Enk in water as well as DMSO using relatively long MD simulations in explicit solvent. Since it was determined that in DMSO both zwitterionic and neutral peptides exist (Gerothanassis et al., 1992) , we simulated both forms of the peptide. It was recently found that the water model used in simulations of aromatic peptides may in uence the conformational preferences rather drastically (van der Spoel et al., 1996b) , we decided to use the simple point charge (SPC) water model (Berendsen et al., 1981 ). We will not pursue the phantom of the solution structure of L-Enk, but rather try to asses the range of accessible conformations qualitatively.
Furthermore, we present a detailed study of the side chain dynamics in L-Enk. We introduce a dihedral angle analysis method, that renders a correlation time which is roughly the residence time in a single dihedral angle potential minimum. The analysis method also provides two independent methods to compute a property that we named a dihedral order parameter S 2 D , which is the autocorrelation at in nite time. Convergence of the two computation methods to the same S 2 D value, provides strong evidence that the dynamics of this particular angle have equilibrated within the simulation.
Theory
In order to study torsion angle dynamics we de ne a dihedral autocorrelation function as:
Note that this is not a product of two functions as is generally used for correlation functions, but it may be rewritten as the sum of two products:
Using eqn. 1 rather than, for instance, the cosine part of eqn. 2 has the clear advantage that the correlation at time zero can be directly evaluated:
When we know the dihedral distribution P ( ) we can also calculate the correlation at in nite time:
which can be rewritten as:
Note that 0 C(1) 1, since it is a sum of two squares. Analogous to the well-known model free approach to NMR relaxation measurements of Lipari & Szabo (Lipari & Szabo, 1982) we equate C(1) to a dihedral order parameter S 2 D :
In Table 1 we have printed the dihedral order parameters S 2 D for some model probability functions P ( ). The one-peaked P ( ) have order parameters S 2 D greater than 0.68, the two peaked P ( ) have S 2 D greater than 0.17. Note that in Table 1 we used symmetric distributions; if one angle is populated more than another (e.g. 70% trans and 30% gauche + ) the order parameters will have intermediate values.
Like in the model-free approach of Lipari & Szabo, we approximate the correlation function C(t) by a two term exponential representation:
In which is a time constant, which is roughly equal to the residence time in a single dihedral angle conformation.
Our de nition of a dihedral angle correlation function is di erent from that of Chandler (Chandler, 1978) :
in which N T is 1 for a trans con guration and 0 elsewhere, and N T (t) = N T (t) ? hN T i. In this approach a correlation time is de ned as the integral from 0 to 1 of the correlation function. A detailed analysis of the properties of this correlation function, and its application to computing dihedral transition rates from MD simulations was presented by
Zhang & Pastor (Zhang & Pastor, 1994) . Their study indicates that for short simulations the correlation times are dependent on the way in which the function is evaluated due to numerical problems, but they also present a formulation of eqn. 8 that resolves this problem.
The advantage of our de nition (eqn. 1) is that it does not involve a de nition of a trans con guration. Such a classi cation of torsion angles into discrete bins, does not do justice to the nature of the dihedral probability distribution, which is a continuous function of the torsion angle. Furthermore, C(t) from eqn. 1 is not sensitive to numerical problems like eqn. 8, and it may be averaged over many dihedrals for applications in lipids or polymers.
Since our correlation function does not go to zero at in nite time, we have to use eqn. 7
to extract a correlation time.
Methods
A Leu-Enkephalin molecule (sequence Tyr-Gly-Gly-Phe-Leu) was built using Quanta (MSI, 1994) . The peptide was built in a bent conformation ( Fig. 1 ) and in a linear conformation ( Fig. 2 ) (plots were made using the MOLSCRIPT program (Kraulis, 1991) ). Both conformations were built in a zwitterionic form (with N-terminal NH + 3 and C-terminal COO ? groups) and in neutral form (with N-terminal NH 2 and C-terminal COOH groups). The peptides were solvated in rectangular boxes with either water or DMSO molecules, by stacking equilibrated boxes of either solvent to form a box large enough to contain the peptide and 0.6 nm of solvent on all sides. All solvent molecules with any atom within 0.15 nm of the peptide were removed. After solvation, all con gurations were energy minimized with the steepest descents method for 100 steps, to remove bad Van der Waals contacts. With these peptides six simulations of 2.0 ns each were performed, using SPC water (Berendsen et al., 1981) or Dimethyl Sulfoxide (DMSO) (Liu et al., 1995) as solvent.
An overview of the simulations is given in Table 2 . In DMSO both the zwitterionic and the neutral form of L-Enk were simulated, because they are both present in a ratio of 2:3 (Gerothanassis et al., 1992) . In water, only the zwitterionic L-Enk was simulated, because it is the normal form at pH 7 (Higashijima et al., 1979) . For the peptide we used the GROMOS87 force eld (van Gunsteren & Berendsen, 1987) with increased repulsion between water oxygen and carbon Mark et al., 1994; Daura et al., 1996) . The resulting parameter set is the one referred to as SW by Daura et al. (Daura et al., 1996) . Explicit hydrogen atoms were used for all polar groups plus the aromatic residues (van der Spoel et al., 1996b), united atoms were used for aliphatic hydrogens.
All simulations were performed with weak coupling (Berendsen et al., 1984) to a bath of constant temperature at 300 K, with coupling time T of 0.1 ps. Peptide and solvent were coupled individually to the heat bath. Pressure coupling was also applied to a pressure bath with reference pressure of 1 bar, using a coupling time P of 1.0 ps. A cut-o for non-bonded interactions of 1.0 nm was used in all simulations. The SHAKE algorithm (Ryckaert et al., 1977) was used to constrain all bond-lengths, allowing an integration time step of 2 fs. For the water molecules we used the SETTLE algorithm to constrain the bond lengths as well as the bond angle (Miyamoto & Kollman, 1992) .
Neighbor lists were used and updated every 20 fs. The simulations were performed using the GROMACS software (van der Spoel et al., 1996a) on special purpose parallel computers (Berendsen et al., 1995) . The longest simulation (Elz+W) took 57 hours on our 28-processor parallel computer.
Results

Salt bridge between N-and C-terminus
We have calculated the distance between N-and C-terminal charged groups and the neutral equivalents in all simulations (Fig. 3) . It can be seen that simulations Ebz+W and Ebn+D start out in a bent conformation in which the contact between N-and C-terminus is present. In Ebz+W the salt bridge seems to be water mediated during the whole simulation, 
Secondary structure
The secondary structure of L-Enk in all simulations was determined using the DSSP program (Kabsch & Sander, 1983) . In Fig. 4 the secondary structure is plotted as a function of time. Only bend and turn type structures were found during our simulations, which is not surprising because the peptide contains only 5 residues. The di erence between a bend and a turn in the DSSP de nition is that a turn should contain a hydrogen bond.
It is clear that such hydrogen bonds are rare although they do occur. In Table 3 we have printed the average proton donor-acceptor distances for the most important hydrogen bonds, including the salt bridge/hydrogen bond between Tyr1 and Leu5. In none of the simulations there is a permanent hydrogen bond involving Gly2-CO or Gly3-CO, but in sim. Elz+W both oxygens are hydrogen bonded to Leu5:NH for about half the simulation.
There is also a hydrogen bond between Gly2-NH and Leu5-CO in Ebz+W and Ebz+D but this hydrogen bond is absent in sim. Elz+W. Furthermore, it can be seen that the salt bridge is very strong in Ebz+D whereas it is less so in aqueous solution.
Distance between aromatic rings
It was suggested by Gupta et al. 
Backbone conformation
To establish whether preferred conformations exist in solution we calculated Ramachandran plots for Gly2, Gly3 and Phe4 (Fig. 5) . Some appreciable di erences are visible in the backbone angles. As expected, Phe4 never has a positive angle, while Gly2 and Gly3 do. Furthermore, the Phe4 angle does not change in Sim. Ebn+D, Eln+D or Ebz+W. In Elz+W and Ebz+D both positive and negative Phe4-are sampled, with a slight preference for negative values. In DMSO, the zwitterion in Sim. Ebz+D samples two backbone conformations, rst the linear one, with positive values for all residues, then the bent one with negative . The neutral peptides in DMSO are not very mobile, in both Ebn+D and Eln+D Phe4 remains in its starting conformation, while Gly3 has a preference for negative in Gly3 in Ebn+D. The possible con gurations for Gly2 are sampled rather uniformly in these two simulations.
We also computed a correlation plot for the Gly3-and Gly2-backbone angle in sim.
Ebz+W (Fig. 6) . A clear correlation between the two is visible, which means that these angles do not ip independently in sim. Ebz+W. 
Side chain conformations and interactions
The side chains in small peptides are very exible. When there is no steric hindrance from neighboring residues, the rotation is limited only by the intra-residue interactions.
The 1 dihedral angle can be in gauche ? (+60 ), trans (180 ) or gauche + (-60 ), with a preference for the latter value (Thornton, 1992) . In contrast, amino acids in regular secondary structure elements, such as -helix or -sheet, rarely have side chains in the gauche ? conformation (Thornton, 1992) . In Fig. 7 we have plotted the distribution of 1 dihedral angles in DMSO and water, where we have averaged the distributions of the simulations in each solvent. In DMSO all side chains prefer the gauche + conformation, while in water the aromatic residues prefer the trans conformation, while Leu is mainly gauche + . The other conformations do occur as well, and as expected, the gauche ? is the least populated one in both solvents.
We have calculated the correlation times and dihedral order parameters S 2 D from our simulations. In Fig. 8 the correlation functions C(t) for all side chain dihedral angles are plotted, averaged over the DMSO and water simulations. All correlation functions were calculated using eqn. 1 where we averaged over all starting points in the rst 1000 ps, i.e. all points in the C(t) were averaged over 2000 data points. It is clear from this gure that C(t) for the Leu side chain have converged in both solvents, while it seems to be nearly converged for Phe in water as well. The other C(t) have clearly not converged. In Table 4 we have printed the S 2 D and values obtained by tting eqn. 7 to the C(t) functions, the S 2 D calculated from the distribution using eqn. 5 and the number of dihedral transitions counted manually from the dihedral/time curve (data not shown). The order parameters calculated in both ways have converged for Leu (DMSO & water) and for Phe (water) while they do not in the other cases. This observation provides extra evidence that the latter side chain motions have not equilibrated in our simulations.
Discussion
The conformation of short linear peptides in solution remains a controversial topic. For some peptides transient conformations, predominantly -turns, have been determined by NMR techniques (Dyson & Wright, 1991; Dyson & Wright, 1993) ; such peptides have also been studied theoretically (Hermans, 1993) . In another case, a strong interaction between a Tyr side chain and an amide proton was reported (Kemmink et al., 1993; van der Spoel et al., 1996b) . In the case of the Enkephalins, it was long thought that these peptides form a 2 5 -turn as well. However, evidence from 17 O-NMR demonstrated that neither Gly2-CO, nor Gly3-CO is hydrogen bonded in water, DMSO or acetone (Sakarellos et al., 1989; Moret et al., 1990) . It can be expected that protons which are hydrogen bonded permanently, will have an up eld chemical shift. Despite the fact that there seems to be such a hydrogen bond from Gly2-NH to Leu5-CO in Sim. Ebz+W and Ebz+D (Table 3 ) the experimental evidence does not support this unequivocally. Chemical shifts for Gly2-NH were reported to be 8.59 in water and 8.78 in DMSO (Higashijima et al., 1979) . For Gly3-NH, however, there is an up eld shift of 0.5 ppm as compared to random coil values (8.00 in water, vs. 8.15 in DMSO) . Such an up eld shift may also be induced by the aromatic rings, and therefore the experimental data can not be regarded as hard evidence for hydrogen bonding of Gly2-NH or Gly3-NH (Higashijima et al., 1979).
Equilibration and peptide dynamics
In simulation studies it is important to look for evidence of equilibration. For simple system like pure liquids, this is usually not very hard, but for a single (macro)molecule in solution it is. In general it is harder for peptides than for proteins, since peptides have considerable intrinsic exibility. Some useful criteria in this context are potential energy and potential energy components, quantities that can be compared to experimental observables, correlation-and distribution functions. The time dependence of secondary structure ( Fig. 4) and of the distance between N-and C-terminus of L-Enk (Fig. 3) are not very useful quantities when a single simulation is performed. We did however perform two simulations of L-Enk in water and two simulations of neutral L-Enk in DMSO with di erent starting conditions. From the Ramachandran plots ( Fig. 5) it is clear that these simulations have not converged to the same = distribution after 2.0 ns. The average distances for hydrogen bonds (Table 3) have not converged either.
In principle, the average over these simulations should yield a better representation of the equilibrium properties of L-Enk in DMSO or water. To test this, we have studied the side chain dynamics of L-Enk in quite some detail and have calculated the 1 dihedral angle distributions (Fig. 7) and autocorrelation functions (Fig. 8) . With the theory we have introduced in this paper, it is possible to calculate a property, the dihedral order parameter S 2 D , in two di erent ways. We nd ( Table 1 ) that for the Leu side chain the dihedral order parameters S 2 D have converged in both DMSO and water, when calculated in the two di erent manners. In our opinion this strongly suggests that the Leu side chain motions have equilibrated. Furthermore, we can deduce from Table 1 that dihedral transitions in (almost) random coil peptides take place on a time scale of 20 ps to 1 ns, in both DMSO and water. The time scale of transitions seems to be strongly correlated to the size of the side chain. We have also computed the autocorrelation function of the Tyr1-1 angle for a period of 1200 ps in Sim. Ebz+W where there is no dihedral transition.
In this case the order parameter S 2 D is 0.93 and the correlation time is 4 ps. Thus, the correlation times that we have calculated are strongly dependent on the number of dihedral transitions, and therefore they are a good measure for the dihedral transition rate.
We conclude that neither the backbone dynamics of the L-Enk pentapeptide nor the side chain motions for Tyr and Phe have fully equilibrated in 2.0 ns, which is in line with earlier simulation studies of short linear peptides (Tobias et al., 1991; Hermans, 1993; Brooks III & Case, 1993 ).
L-Enk in water
Although it has been shown that the choice of water model may drastically in uence the results from simulations (van der Spoel et al., 1996b) we decided to study L-Enk in SPC water (Berendsen et al., 1981) . In general, the SPC/E model ) is a better model for bulk water studies than SPC but the SPC model was developed for studies of protein hydration, and it is widely used in protein and membrane simulations.
It was found before that SPC/E used in interface studies, produces interfaces that are too sharp , but in our previous work on a tetrapeptide from BPTI, we found that the SPC/E model was the only one to reproduce experimental chemical shift data (van der Spoel et al., 1996b) . Thus, it is not possible to determine conclusively which one is the better model and we have to underline that very detailed analyses of simulation data are not warranted by the inaccuracies in the potential function.
It is almost a clich e to state that water is the most important, yet the least understood molecule, but this explains why it is also the hardest molecule to model (Brodsky, 1996) .
For simulation work this means that details at water interfaces (including protein-water interfaces) are di cult to model, while the protein internal interactions, as well as bulk water properties, are probably described more accurately. Moreover, short peptides are even more di cult to model than proteins, since they are almost completely hydrated.
Based on our experience, we prefer the SPC model for interface work, but we acknowledge that a signi cant improvement in water model, like the introduction of polarizability, is necessary in the near future.
Despite the clear hydrogen bond between Gly2-NH and Leu5-CO, the backbone of L-Enk seems to be exible in Ebz+W, as shown by the Ramachandran plots (Fig. 5) . However, when we look at Fig. 6 we see that the Gly3-and Gly2-angles are correlated, which means that they always ip simultaneously. If we disregard the changes in Gly2 and Gly3 angles, we nd that L-Enk is very stable in a single backbone conformation with all backbone angles in the -helical part of / space. Apparently the hydrogen bond is strong enough to keep Gly2-NH and Leu5-CO together. Since the latter groups is charged, this interaction is considerably stronger than a regular hydrogen bond. The starting conformation of L-Enk that we used for simulation Ebz+W was similar to the nal conformation, which may have biased the result. Indeed, in the other SPC simulation (Elz+W) which started from a linear peptide conformation, there is no hydrogen bond between Gly2-NH and Leu5-CO. There is however a hydrogen bond between Gly3-CO and Leu5-NH, although it is present only 50% of the time, leading to an average distance of 0.39 nm. Although this seems to contradict results from 17 O-NMR, which showed that neither Gly2-CO, nor Gly3-CO is hydrogen bonded (Sakarellos et al., 1989; Moret et al., 1990) , the hydrogen bond is not very strong, and therefore it will not have a profound in uence on the chemical shift of the oxygen atoms. Moreover, both sim. Ebz+W and sim. Elz+W sample di erent conformations, and there will probably be substantial conformational averaging.
Nevertheless, both conformations of L-Enk in water are compact, and can be characterized as a combination of bend-and turn-structures. It should be noted that where we nd two di erent conformations in two simulations, another starting structure might generate yet another end conformation like what was found by Li & Scheraga using Monte-Carlo with minimization methods (Li & Scheraga, 1987 ).
We could not nd evidence for an interaction between aromatic groups in water, as suggested by Gupta et al. (Gupta et al., 1986 ). However, this was shown to be an artifact by Motta et al. , therefore it is not surprising that we did not nd it.
L-Enk in DMSO
Neutral L-Enk in DMSO is very exible, both Gly residues sample the complete / space in Ebn+D as well as Eln+D, only Phe remains in its starting conformation, indicating that these two simulations have not converged in 2.0 ns. Apparently there is no driving force for neutral L-Enk in DMSO to nd a well de ned conformation. In contrast, the zwitterionic L-Enk in DMSO starts out in a linear conformation (Fig. 2) , and after 750 ps it forms a salt bridge which is very stable (Fig. 3) . These nding are in good agreement with experimental data that suggest that two di erent conformers are present in DMSO solution (Higashijima et al., 1979) . Since it was also determined that only 40% of the L-Enk molecules is actually a zwitterion (Gerothanassis et al., 1992) , our results can account for the experimentally observation of two di erent conformations of L-Enk in DMSO solution; the zwitterionic in a bent form, the neutral in an extended form.
Conclusions
Somewhat to our surprise, we did nd a preferential conformation for L-Enk from our simulation Ebz+W in SPC water. Therefore we performed a second simulation (Elz+W) with another starting conformation. Both simulations nd compact, rather stable conformations. The conformation in sim. Ebz+W is determined by a hydrogen bond from Gly2-NH to the charged Leu5-CO group, while in sim. Elz+W there is a rather strong hydrogen bond between Gly3-CO and Leu5-NH. It can not be ruled out however, that another starting conformation would yield yet another end conformation. In DMSO the nal conformation of the zwitterionic L-Enk is very similar to the one in sim. Ebz+W, albeit that the salt bridge is much stronger, due to the lower dielectric constant of the solvent.
The neutral L-Enk does not have a preferential structure, in accord with experimental data (Higashijima et al., 1979) .
The 1 dihedral analysis (Fig. 7) shows, that the amino acid side chains have considerable freedom, and sample the complete available 1 space (Thornton, 1992) . Both the aromatic residues Tyr1 and Phe4, have a signi cant population of the gauche ? conformation. In contrast, Leu5 is almost never in the gauche ? conformation, which may be due, in part, to the -branched side chain. Although Phe4 and Tyr1 have -branched side chains as well, the Leu side chain is di erent, because both C atoms are in a tetrahedral conformation in contrast to the at aromatic rings. There is no notable di erence between side chain behavior in water and DMSO. The nding that all side chains individually sample the available 1 space, renders a detailed description of low energy conformers in terms of dihedral angles meaningless (Perez et al., 1992) . This last comment can also be applied to overly-detailed determination of the structure of exible regions in proteins, such as surface loops. (1 + cos 3 ) 3=(4 ) 0 < 4 =3 3 7 /(2 10 2 ) 0.216396 3=(4 ) 3 3 /(2 4 2 ) 0.17097 Table 4 : Order parameters S 2 D , time constants for 1 dihedral angles, order parameters based on the probability distribution S 2 D (P ) (see Fig. 7 ) and number of dihedral transitions, averaged over sims. Ebz+W Ebz+D, Eln+D and Ebn+D) and SPC Water (averaged over sims. Ebz+W and Elz+W). Solid line: simulation data, Dashed line: t to the data using eqn. 7
